Material from a strain of Bacillus subtilis which causes haemolysis was investigated. A fraction possessing the solubility properties of an organic acid appeared to be responsible for the haemolytic activity of the organism, but in the culture filtrate this material was associated with protein which modified its solubility properties considerably. Similar material was found in the culture filtrates of other haemolytic aerobic sporing bacilli.
Many members of the genus Bacillus are capable of causing haemolysis (Guillaumie, 1950) . It is known that some species produce lecithinase (McGaughey & Chu, 1948) and the haemolytic activity of these species may be accounted for in part, or completely, by their production of this enzyme (Chu, 1949) . Production of lecithinase in this genus is, however, apparently confined to B. anthracis, B. mycoides and B. cereus (McGaughey & Chu, 1948) , and it seemed that an investigation of the haemolytic activities of those members of the group which do not elaborate lecithinase might be of interest. Busing (1950) examined the haemolytic activity of a strain of B. subtiEis and concluded that it was due to an esterase, but he did not in fact demonstrate such enzymic activity in his culture filtrates.
METHODS
Bacteria were grown in liquid media either in modified Monod T-tubes (van Heyningen & Gladstone, 1953) or in whirling flasks (Mitchell, 1949) . Each litre of medium contained the following constituents: 2.0 g. NaNO,; 0.5 g. KCl; for egg-yolk reaction. On the basis of these tests, ten strains were chosen as strongly haemolytic and unreactive in the lecithinase test and therefore useful for further investigation. One strain of Bacillus subtilis (strain 14) was particularly active and it was decided to attempt the isolation of the haemolytic material produced by this organism.
Partial purification of the haemolytic protein of Bacillus subtilis straan 14
The haemolytic material produced by Bacillus subtilis strain 14 was quantitatively precipitated by 4/5 saturation with ammonium sulphate. The precipitate from each litre of filtrate was dissolved in 200 ml. 0.05 M-N~,HPO,, a slight insoluble residue being removed by centrifugation. The solution was adjusted to pH 4.5 and a precipitate appeared. This was centrifuged off and the clear supernatant fluid was found to be free from haemolytic activity. The precipitate was dissolved in the least possible volume of 0-15 M-trishydroxymethylaminomethane (' tris ') a t pH 8-0. The ' tris ' solution was made 10 mM with respect to Zn++ by the addition of 0.12 itr-ZnC1, and the resultant inactive precipitate centrifuged down. This Zn++ precipitation brought about a twofold increase in the haemolytic activity per mg. protein in the supernatant fluid. The supernatant fluid was then made 20 m~ with respect to ethylenediamine tetra-acetate (EDTA) and 3 vol. of saturated ammonium sulphate were added. The resultant precipitate was dissolved in 0.15 M-N~,HPO,. This preparation was only about 6-7 times more active per mg. 
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protein than the original culture filtrate and was heterogeneous by zone electrophoresis on paper. However, further purification of this material was not attempted after the demonstration that the haemolytic material produced by this strain could be obtained in another form possessing very different solubility properties (see below).
The alcohol-soluble haemolytic material
The name tyrothricin was given by Hotchkiss & Dubos (1940) to the crude mixture of polypeptides (gramicidin and tyrocidine) from Bacillus brevis (strain B.G.) because of the similarity of this material to the bacteriostatic agent liberated by certain cultures of ' Tyrothriiz:' (Rosenthal, 1925) which were later identified as strains of B. subtilis (Smith, 1941) . It appeared possible that the haemolytic activity of the B. subtilis 14 culture filtrates might be due to surface-active polypeptides similar to tyrothricin (Dubos & Hotchkiss, 1941) . The culture filtrates were therefore processed according to Dubos & Cattaneo (1939) . Early experiments showed that haemolytic material could be obtained in this manner, but the differences between the properties of the resultant product and those of tyrothricin suggested various modifications. The method finally used was the following : 1.5 1. of culture filtrate was 80 yo saturated with ammonium sulphate and the precipitate suspended for 2-8 hr. a t room temperature in 75 ml. acetone, acidified with 0.2 ml. of 5 N-hydrochloric acid. The inactive protein precipitate was filtered off and the acetone solution evaporated at 45' under reduced pressure to c. 10 ml. This solution was then added to 5 vol. of water, the pH value adjusted to 3.5 and the resulting precipitate dissolved in the minimum volume of 'tris' buffer (pH 8.0). The material so prepared was thus distinguished from tyrothricin by its solubility in alkaline aqueous solutions. A further distinction was provided by the fact that, when the pH value of the ' tris ' solution was lowered to 6.0, the haemolytic material could be extracted by ether, from which it could be re-extracted by alkaline aqueous buffer. It could be precipitated from alkaline aqueous solution by acidification or by adding alkaline earth cations, a characteristic which distinguished this material from the bacilipins (Newton, 1949) . The bariumprecipitated material was soluble in EDTA solutions or in ethanol. The acidprecipitated material was soluble in methanol, ethanol, n-butanol, acetone, diethyl ether and benzene, but not in light petroleum. The material absorbed in the long wavelength ultraviolet with a maximum at 275 mp. (Fig. 1) and from this characteristic and its solubility properties is referred to as ' 275-acid '.
The nature and the degree of purity of this preparation of '275-acid' are unknown; it gives a slowly developing biuret reaction and a weak ninhydrin reaction ( 5 mg. ' 275-acid ' = 5 pg. leucine), and its nitrogen content is c. 1 yo (Kjeldahl N/dry wt.).
Relationship of the two forms of the haemolytic material When the haemolytic protein fraction, at any stage of purification, is subjected to the procedure outlined in the previous section '275-acid' is obtained. Table 2 shows that as the purification proceeded the ratio of Haemolytic action of B. subtilis .19 ' 275-acid ' to total u.v.-absorbing material greatly increased and it therefore appears that the haemolytic activity of the protein fractions is attributable to their content of '275-acid', the solubility properties of which must be greatly modified by its association with protein. Culture filtrates from seven other haemolytic strains of aerobic sporeforming bacilli were examined for alcohol-soluble, acid-insoluble material absorbing at 270 mp. The degree of haemolysis was measured by the visual method and as the relationship between dilution and rate of haemolysis appeared to be exponential under these conditions and the method itself is only semi-quantitative, it is not possible to give an accurate account of the haernolytic activities of these filtrates in terms of their content of ' 275-acid '.
However, Fig. 2 shows the haemolysis progress curves given by the preparation of '275-acid' and washed human red blood cells. The S-shaped curve given by many haemolysins was not obtained and the shape of the curve resembles that obtained with tyrocidine (Bernheimer, 1942) . However, the initial rate of haemolysis appears to be directly proportional to ' 275-acid ' concentration, in which respect it differs from tyrocidine. It should, however, be observed that under the conditions of the visual assay the relationship between haemolysis rate and dilution appeared to be exponential. In this case the time observed is the time to reach an unknown but presumably high percentage of haemolysis and this method therefore tends to measure the slow phase of the haemolysis curves of Fig. 2 , a distribution which may perhaps account for the different mathematical relationship. It will be observed that the preparation of '275-acid' in its present state of purity has a very low activity compared with, say, saponin.
DISCUSSION
The haemolytic activity of the protein fraction obtained from Bacillus subtilis strain 14 may be attributed to the acetone-soluble, water-insoluble ' 275-acid ' that can be derived from this fraction. At first sight the association between the acid and the protein might appear to be of some biological importance by providing an example of a quasi-toxic protein the activity of which may be attributed to a 'prosthetic group'. van Heyningen (1950) commented on the possibility that the oxygen-labile haemolysins may contain a surface-active prosthetic group with haemolytic activity. However, the demonstration that the bulk of the ultraviolet absorption of the active protein fraction is accounted for by ' 275-acid ', together with the fact that the E :&, of ' 275-acid ' is roughly one-tenth that of most proteins, suggests that, in fact, this fraction must be made up of c. 1 yo of protein and 99 yo of ' prosthetic group ' on a weight for weight basis. This being so, it is doubtful whether this association is specific and
